The rapid pace of economic growth in China has been unprecedented since the start of economic reforms in late 1970s. It has delivered higher incomes and made the largest single contribution to global poverty reduction. Measured by international poverty lines, from 1978-2004, the absolute poor population in rural areas has dropped from 250 million to 26.1 million. Such gains are very impressive and have been driven largely by a set of market-oriented institutional reforms, strong investment, and effective adoption and application of various knowledge and technologies, especially foreign ones through trade and foreign direct investment (FDI). While enjoying tremendous success, China also faces many challenges that have to be addressed in order to sustain its long-term development. These include weak institutions, low overall educational attainment, weak indigenous innovation capacity, poor linkages between research and development (R&D) and industries, etc. This paper is intended to provide an insightful analysis on some strengths, weaknesses, opportunities, and Challenges of China's knowledge economy in the areas of economic incentives and institutional regime, human capital, innovation system, and information infrastructure.
China's economic reform started in 1978 with the strong vision of developing a market economy with Chinese characteristics, architected by then leader Deng Xiaoping. Putting aside the communist ideology, the transformation started in the agricultural sector by introducing the household responsibility system -which actually privatized the use rights of lands previously controlled by communes. Built on the success of the agricultural sector, the Chinese again invented the township and village enterprises (TVEs) -enterprises owned and managed by local governments -to tap the rural surplus labor and rising farmer incomes. The amazing success of the TVEs has left the traditional economy theory a puzzle to solve.
In pursuing the transition towards a market economy, China has adopted a gradual approach with great pragmatism. As at the outset of a reform, it is not possible to foresee, let alone to resolve, all the potential problems that might emerge at later stages; change has been conducted as a process of adaptive learning. Through such an approach, China has successfully allowed regions and localities to experiment and then scale up the most successful experiences at the national level. The agricultural reform, the TVE initiative as well as the special economic zones later on were all tested as pilot(s) first and then scaled up when proved successful. With the same principle, the reforms were gradually expanded from the agricultural sector to industry and large parts of the service sector (see table 1 for a chronology of China's major reforms). This might be one of the major reasons which could explain the contrasting results of the Russian and Chinese reforms. 
A.1.2. Open-door policy
Since the open-door policy was introduced in the early 1980s, the Chinese economy gradually opened to foreign trade and investment. This process encompassed allowing enterprises to participate in foreign trade, replacing trade procurement targets by market based trade policy instruments such as tariffs, quotas and duty exemption schemes, gradually reducing trade barriers, and finally, increasingly using market mechanisms.
Meanwhile, China set up various economic development zones and techno parks (from a few to a big mass) to attract FDIs and new and high technologies. China's entry into the WTO in late 2001 further facilitated its openness and transition towards a market-based economy. Today, China is well integrated into the global market (trade as a share of GDP is 79% 5 ), and the largest destination for FDI (this will be discussed further in the innovation section).
The great openness -allowing imports of capital flows, technologies, and management competencies, along with other major policy reforms -greatly enhanced China's market competition and efficiency. A World Bank study estimated that nearly a quarter to a third of China's post-1979 growth is from increases in organizational and production efficiency, incurred from the reforms. Other estimates of the sources of growth suggest that technological advances sped up in the 1990s with the opening of the economy and inflow of FDI, raising the demand for skilled labor. Technological growth has averaged above 2% per year, which is a strong performance by international standards. (table 2) , and dominates many industries, making them increasingly market-oriented. The growth of the private sector has been facilitated by an increasingly tolerant policy environment, and widespread structural reforms. 
A.2. Education and Skills
A well-educated population is the key enabler of the knowledge economy. China's massive relatively educated labor force is the backbone of its strong economic performance.
A. To address the huge demand for higher education, which the public system alone could not fulfill, the private provision for tertiary education has been growing very rapidly (table 3) , especially in more remunerative disciplines such as business, commerce, and ICT. Since most of them are more market-driven, more flexible, and better suited to business needs, they will have great potential to grow and become the driving force for better quality higher education. Although they still face many institutional constraints and only account for 10% of total enrollment, given China's huge household savings (estimated at RMB 60 trillion) and long tradition of putting a high premium on good education, private education will play an increasingly important role. China boosts one of the world's largest forces of scientists and engineers. Table 5 shows that in absolute term, China's number of researchers in R&D (almost 811,000) is second only to the U.S., and the S&T journal articles only after the U.S., Japan, and Germany. Its S&E enrollment ratio as a share of tertiary students is one of the highest in the world.
Such a critical mass forms a solid human foundation for its S&T and innovation activities. (Table 9 ). Source : USPTO, 2005 Meanwhile, China has improved from 15 th in the world in terms of scientific publications listed in SCI, EI and ISTP in 1990 to the fifth in 2003. Table 10 shows China's publications catalogued in refereed international journals since 1998. were higher than the average of either the lower middle income group or the EAP region.
The internet penetration is slightly lower than the EAP region average but higher than the lower middle income group. The growth of the absolute numbers is even more impressive. By 2005, China became the largest mobile phone market in the world and its total number of internet users had surpassed 100 million (figure 2). 
Figure 3. China Exports of ICT Goods
Despite the strengths it possesses and significant achievements it has made over the last quarter of the century in the different pillars of knowledge economy, China still has many weaknesses to overcome, especially in the institutional and governance aspects, and its unfinished agenda remains large.
B.1. Incentive and Institutional Regime
B.1.1. Weak institutions, governance and IPR protection
In China, the legislative body has been a relatively weak player in the government function and largely controlled by the party. Beyond the contents of law, the more substantial problem is the enforcement of laws. A relatively complete set of laws and regulations covering economy and IPRs are in place, but enforcement is still inadequate.
Weakness here may hold back the degree of innovation and product development of both foreign and local companies. Chinese entrepreneurs feel that expansion across provincial borders is made difficult by the lack of objectivity of local judiciaries when it comes to trying cases involving the infringement of trade secrets, IPRs, and contract enforcement more generally.
Meanwhile, the weak monitoring system and the prevalence of personal relations -"Guanxi" -in governance tend to create some bureaucratic inefficiency and rent-seeking activities. Based on the recent WBI governance indicators, in certain areas, China's scores are actually retreating (figure 4). 
B.1.2. Weak financial system
A healthy financial system is the key to achieving higher productivity of investment and more balanced growth in China. Though China has conducted major reforms in the banking sector in recent years, some recent evidence shows that the financial sector is still not functioning efficiently. One major weakness is that the financial market does not provide enough investment channels for China's huge savings, and capital has been persistently funneled to loss-making state-owned enterprises, and the incremental capital output ratio is high ( In China, education quality control is mainly through supervision (on-site visits to primary and secondary schools by education authorities of various levels) and assessments (for tertiary schools, done by MOE). This process rarely involves parents, society, or industries (for upper secondary and tertiary), thus, hard to obtain objective results. So far accreditation is only being piloted at schools that accommodate the children of foreign expatriates residing in China. 22 In addition, the lack of an integrated vocational qualification system makes skills assessment, credit transfer, and recognition of informal learning quite difficult.
B.3. Innovation System

B.3.1. Weak indigenous innovation capacity
China still mainly remains as an imitator or adaptor of foreign technologies, with innovation mostly occurring in process rather than in product. This might explain that China's exports of medium and high tech products have been increasing rapidly, but not many of them are actually invented in China. One of the reasons could be the little relevance of China's R&D to industrial needs. For example, in the U.S., out of 100 S&T Ph.D dissertations, at least one can be commercialized as new product, however, in China, this ratio is only 1 out of 500. 23 Meanwhile, the R&D efficiency is low, despite the rapid increase of inputs into the innovation process, the quality and relevancy of the outputs are still low though quantity seems improving significantly (but a large portion of it is done by FDIs). In addition, the diffusion system is quite weak. The technologies in its elite R&D labs and high-tech parks are not effectively disseminated or commercialized. Although China is the largest recipient of FDIs, the technology transfer from FDI is rather limited.
B.3.2 Low productivity of R&D spending
Beyond the increased expenditures of R&D there also has been an increase in the number of persons doing R&D, and an increase in technical publications and in patents taken out domestically as well as internationally. However, it seems the increased output of technical papers and patents is not in proportion with the increase in inputs, and the output per unit of R&D input compares unfavorably with the relative output in other countries. This implies the need to improve the efficiency of the R&D system. A key element is to set up a sound monitoring and evaluation system for the allocation of public R&D resources.
B.3.3. Poor linkages among government R&D institutes, business and universities
Affected by the former planned economy, China's public R&D institutes, private sector and universities used to operate in their own silos. After a series of reform, the situation has improved, but joint research, vertical and horizontal collaborations such as personnel exchange, technical advising, joint training, etc. are still limited. Although government has launched many programs to strengthen the linkage, due to weak demand from the business sector, lack of market mechanism and mismatch of supply and demand, the effects of these programs are not very significant.
B.3.4. Lack of venture capital
In China, the venture capital (VC) market is only at the initial stage. Government is the dominant source of capital, which compromises the incentive for fund managers to make high-risk investments, particularly in private enterprises. The legal framework for VC is also not in place. For example, company law in China requires a minimum number of shareholders and a level of investment that exceeds the practice in the typical VC firm; similarly, it stipulates that the accumulated amount invested should not exceed 50% of the company's assets, which again arbitrarily limits the role of venture capitalists.
Another problem is the lack of viable exit options, since access to public capital markets is very limited. 
C. Opportunities
With the success of economic development, China has the great opportunity to fully leverage its strengths to significantly enhance its overall competitiveness and rank itself into one of the major global players. This will require further reforms and major improvements in its weak areas.
C.1. Strengthen the institutional regime and improve governance
• Strengthen the rule of law and IPR protection
In order to enhance the legal enforcement, China needs to give more independence and authority to the judicial system, and minimize the intervention from the administration and party committee. This is especially necessary at sub-national levels, where the role of courts is much weaker. One option could be transferring some of the financing of courts to the central government to reduce their reliance to local governments. Another would be increasing the extent of specialization of the courts (notably in the area of bankruptcy and intellectual property).
• Establish a monitoring system to enhance government accountability and transparency Such a system should involve the public media, civil society and NGOs. In addition, the monitoring and representative role of the People's Congress should be greatly strengthened so that it has some checking power over the administration to reduce the bureaucracy and rent-seeking.
• Strengthen the financial sector Although major progresses have been made in improving the financial market, reorganization of the remainder of the banking system is still needed and would be better accompanied by a growing marketization of the banking sector. Almost 30% of the banking sector remains to be recapitalized. Broadening financial markets is a further crucial aspect of improving the allocation of capital. The equity market could be further developed, as the market value of freely tradable shares represented just
9% of GDP in 2004.
• Improve labor market flexibility
To encourage free flow of labor and better allocation of human capital and reduce income gap, further relaxation of labor market is needed. The combination of migration restrictions (Hukou) and land tenure restrictions appears to contribute significantly to rural urban differential and income inequality. Easing of these two policies might lead to 2% rise of output and significant drop of income inequality.
26
• Further restructure the state enterprises
Reforms of SOEs have improved their performance but there remains significant scope for further improvement. In addition to corporate governance reform, for lossmaking enterprises, the government has announced a four-year program that will involve substantial additional restructuring. In some cases, asset sales may be possible. To ensure fair transactions, greater use could be made of the new property exchanges to ensure competitive prices. The government could also consider further sales of packages of distressed assets to companies with experience of restructuring.
• Further encourage the private sector development
The growing importance of the private sector in economy makes it all the more important to create a more conducive environment for the private sector development.
The foremost thing is to improve the legal framework, such as the bankruptcy law and company law. A reduction in the barriers to the formation of both limited and joint stock companies should be a priority. Greater access to finance (such as loans and equity markets) and technologies should be allowed, especially for SMEs.
C.2. Unleash the human potential • Strengthen compulsory education
China has made great progress in universalizing basic education; however, in the Middle and West regions, especially in rural areas, full access to compulsory education is far from being realized. Many local governments are suffering from a shortage of funding. To solve this problem, the Chinese government needs to increase the funding allocation and, meanwhile, improve the transparency and accountability in the use of educational funding. In addition, the compulsory education needs to extend from current 9 years to 12 years.
• Enhance the quality of tertiary education Given the importance of tertiary education in providing a solid human capital base which is the key for long-term competitiveness, China needs to significantly improve the quality of its tertiary education. Key steps need to be taken to reform the curricula, pedagogy, and governance to make tertiary education more responsive to market needs. More emphases need to be put on fostering students' creative and innovative thinking, problem-solving skills, teamwork and communication abilities.
• Develop an effective lifelong learning system tapping the potential of private provision and distant education Currently China's education and training system is quite fragmented and segregated.
The linkage between formal and informal education is weak. While a lifelong learning encourage multiple providers and multiple pathways, it also requires better coordination among governments and between government and various stakeholders; better assessments, accreditation, certification and vocational qualification systems;
and better information services. 27 In addition, China needs to fully tap into the potentials of private provision and distance education to expand the access to and enhance the quality of education and training.
C.3. Boost innovation capacity
To transform itself from a "manufacturing superpower" to an "innovation superpower", China needs to greatly boost its innovation capacity.
• Improve efficiency and quality of domestic R&D
In line with the funding increase in R&D, efforts need to be put on strengthening the market-orientation of public research institutes and universities. More joint research and collaboration, and even personnel exchange between research organizations and business sector should be encouraged. In addition, more cooperation with foreign R&D institutes and firms, including FDIs could be promoted. Meanwhile, policy incentives need to be designed or sharpened to encourage domestic private sector to do more R&D and innovation.
• Strengthen technology diffusion
To effectively disseminate the R&D results from elite labs/universities or technology parks to the production sector, China needs to put massive efforts to promote or strengthen:
o Technology and business incubators and regional clusters;
o Engineering research and productivity centers;
o Agricultural and industrial extension services at various levels or regions;
o Technical norms and standards.
• Strengthen financial support for innovation
In addition to further increase of R&D funding, China needs to leverage various financial instruments to encourage technology new ventures. This requires a sound venture capital market. To promote the VC business, China needs to improve the legal framework by removing many restrictions and limits on VC firm, and allowing more exit options, such as access to the stock market. More training needed to be provided to fund managers and more transparency, objective performance measures, and external oversight need to be brought in the government-run VC firms. A more favorable environment needs to be created to attract foreign VC investors. Except for VC, other financial tools such as grant, matching funds, angel capital, government purchasing, tax incentives, etc. should also be tapped. ultimately help to achieve convergence over the telecom and cable industries.
• Expand access for rural and local communities Although the ICT penetration is China is improving very rapidly, it is still far from reaching the vast rural areas, especially in the poor regions. China can set up Universal Service Obligation (USO) funds, raised through tax on telecom companies' gross revenues, which is then redirected for wiring up rural areas, to help establish community tele-centers or IT centers for rural and poor regions. A USO fund could be adopted with competitive bidding among operators for contracts.
• Promote greater use of ICTs Given China's vast population and territory, ICT will have strategic role to play for its development. ICTs can be used more extensively to enhance the transparency and efficiency of government services at various levels and to encourage broad participation of citizens. They can be also used to expand and improve the education and public health services. As more people go online, the e-commerce will become more popular, but China needs to improve its credit system and logistic services to promote its further development.
D. Challenges/Threats
Despite the enormous progress China has made, and promising opportunities it can leverage, China still faces many challenges and threats at both global and domestic dimensions, which need to be taken into serious consideration for its long term development strategy.
D.1. Increasingly competitive and complicated global environment
With the knowledge revolution, the global competitiveness mainly hinges on a country's ability to create, disseminate and use of knowledge and technology. China is very successful in processing technology, but lacks strong indigenous innovation capacity where even India appears stronger. In order to fundamentally enhance China's global competitiveness, China needs major breakthroughs in this area.
Meanwhile, as China rises and increasingly becomes an important global player, the existing world economic and political structures are poised to change accordingly. This will inevitably bring more challenges to China in the areas of trade, exchange rate, diplomacy, technology development, and energy, etc.
D.2. Risk of increasing regional and rural-urban development gaps
The widening regional and rural-urban divide is the predominant danger for China, and is manifested in many areas, such as knowledge, income, access to education and health and ICTs, etc.
Knowledge divide
China's knowledge divide across regions, especially between the East and the rest of S h a n g h a i T ia n ji n G u a n g d o n g F u j ia n J ia n g s u H a in a n L ia o n i n g Z h e ji a n g S h a n d o n g H e b e i G u a n g x i J il in H u b e i H e il o n g ji a n g H u n a n S h a n x i H e n a n J ia n g x i A n h u i I n n e r M o n g o li a S h a a n x i X i n ji a n g C h o n g q in g G a n s u N in g x ia S i c h u a n Y u n n a n Q in g h a i G u iz h o u T ib e t Source: Bassed on A. Hu and Y. Xiong (2000) .
Income disparity
China has achieved unrivaled rapid economic growth, but at the same time, the inequality has also increased quite remarkably. China's income disparity has been 
Education inequality
In line with the income disparity, the education inequality is almost at the same magnitude. The adult illiteracy rate ranges from below 10% for most of the East region to above 20% in many West provinces. The level of education attained by the labor force also varies widely across regions (table 14) . The education spending per student is also very unequal from province to province. For example, the per student spending in primary schools across provinces ranged from almost RMB 5,429 yuan in China has made serious efforts to improve the environmental protection for at least a decade, with some success -including air quality improvement is major cities and reforestation to prevent flooding and desertification. But the environmental degradation is still a serious concern. The major environmental issues include: water stress and pollution; air pollution and acid rain; congestion; land degradation and desertification.
In China, almost 70% of its energy comes from coal, and much of it is burned for home Water pollution is also very serious. According to an OECD study, almost one-third of major water basins are classified as highly polluted and 75% of the water flowing in urban areas is unsuitable for drinking or fishing. 37 In addition to the quality issue, the shortage of water has also become a problem, particularly in North and East China, which account for one-third of national GDP, but has only 7.7% of the national water resources.
The situation is likely to deteriorate over the next decade, especially in the rivers north of the Yangtze. 38 In addition, there are also the problems of land degradation and declining forestry cover, etc. To solve these problems, there is a need for both technical progress and improvements in institutional, administrative and regulatory arrangements. of cars and the demand for oil to fuel electricity generators were the major drivers. This situation pushed energy security to the top of China's economic and foreign policy agenda. While the economy continues to boom, China will face an even bigger energy constraint, and will be inevitably put into competing position with other world powers, thus a more complicated and difficult international environment. There is room for China to do more to convince the world for its "peaceful rise" and improve its energy efficiency, but it is also important for other powers to correctly understand China's intention for energy security, and to help it meet its energy demands. 
E. Overview of China's SWOT Analysis:
